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Overvigw

e Chordal graphs - definitions and properties
e Classical application to perfect phylogeny

e New applications
e Intron evolution

e Understanding evolution of multi-domain
proteins

e Static and dynamic decomposition of protein
complexes

e Conclusions
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Cnorcal craons

= an edge connecting
‘\ ‘\ two non-consecutive nodes of
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every cycle of
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With these two edges the graph is
chordal
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Aoolications to violoqy are oromoiac
ov inhe relation of chorclal ¢raons to

Chordal graphs are intersection
graphs of subtrees




Interseciion craons

e Nodes correspond to some objects (e.g.
geometrical objects like rectangles on a
plane)

e There Is an edge between two such nodes
If the corresponding objects intersect (share
points)

>
w.
O

A, c

IWBRA, May2006



—3
2
=
L -
=y
-
gk
gk
2
-
—3
@
(=
-
gk
gk,

[ptersection oravs o

\e PRI

intersection tree representation

Clique iree:
Nodes = maximal cliques
For every graph node — the cligues containing this node

span a sub-tree in the clique tree
Polynomial time algorithms (Tarjan, Yannakakis, 1984)
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Taxa anc cnaraciers

e Taxa set of biological entities that are
evolutionarily related

e Each taxon is described by a set of characters
which are subject to evolutionary changes

e Changes

Binary - two states 1/0 changes: insertions and
deletions

Constructine onvlocienic iree

e Using compatibility criterion
e Using maximum parsimony criterion
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Perfect Phylogeny

Present Absent




Ch

ps

iracier Cornpatioility for o

Iriery cn

{1

d

o

‘q-

(D
—
@]

e A set of taxa admits perfect
phylogeny if and only only if
attributes overlap graph has no

hole of this type

e Two characters are that form
such hole are called non-

Constructing phylogenic tree using
compatibility criterion:

(NP-complete)

IWBRA, May2006
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Parsirnony rmeinocs for inferring
onvloceny

Build a tree such that
the input taxa Is In the leaves

the Inferred ancestral taxa in the
Internal nodes

IWBRA, May2006 1




Dollo parsirnony

e Only one insertion per character
e Multiple deletions possible

e Appropriate for complex characters that
are hard to gain but possible to lose

IWBRA, May2006 12



Introns: Non coding secquences

Iinterruotiine cocliricl secuence in 2 cene
Introns:

e Independent insertion at the same position Is
unlikely

e Deletion possible
e Dollo parsimony seems reasonable

e Data assembled by
e Multiple seqguence alignment orthologous genes
e |dentify intron start positions
e Build binary table:
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Figure 2. A Maximum Parsimony Tree Based on the Concatenated
Intron Absence/Presence Data

Only the data for conserved alignment regions were analyzed. The
unrooted tree wa structed bg..r utxinq Daollo [}ﬂm' ony. Only one

abbreviations are as in Flgure 1

Rogozin, Wolf, Sorokin,
Mirkin, Koonin, 2003




e Parsimony doesn’'t work
e How about compatibility criterion?

e |s there a weaker consistency measure
that can be applied instead of
compatibility?

IWBRA, May2006
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Criaraciar overlaop craon

e Characters = nodes

e Two nodes are connected by an edge |if
there Is a taxon which contains both
characters (both characters have sate 1)
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New Cornceoi: Persisieni criaraciers
Assume set of taxa {AB, BC, CD, DA} where A,B,C,D characters

Two possible tree topologies

ABC
JA\=1D) BCD

. . ACD

DA CD
DJA CD
Character B,D have to
overlap graph change sate A,C haveto
twice change sate
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Pearsisient cnarac
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e A character Is persistent If it does not
belong to a hole.

e A set of characters Is persistent if and only
If the character overlap graph is chordal

e Property: a set of characters where each
character can change Iits state at most
twice (insertion first and then deletion) Is
persistent

e Thus persistency Is a weaker assumption
than compatiblility

IWBRA, May2006 19
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Rernovirg non-persisient
CIIEas [(8rs
e Remove smallest number of character so that
character overlap graph is chordal
e Construct the tree from the remaining data.

e Problem: Finding such minimal set is NP-
complete; so is finding all holes.

e Heuristic approach: consider only squares and
remove them in a greedy way.

e [For the intron data, enough characters were
preserved to build the tree

Przytycka, RECOMB 2006
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Letter Genome Research 2004

G g2 Coelomata and Not Ecdysozoa: Evidence
From Genome-Wide Phylogenetic Analysis

Yuri I. Wolf, Igor B. Rogozin, and Eugene V. Koonin'

National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health,

Coelormat | TS 2008
Resolution of a deep animal divergence by the
pattern of intron conservation

Scott William Roy* and Walter Gilbert ECd S0Z0oa
cay: :

Ag Ui Przytycka RECQOMR 2004
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Pet Science 2006 i )
4 Toward Automatic Reconn

M2l of a Highly Resolved Tree of Life

Francesca D. Ciccarelli,“*** Tobias Doerks,™* Christian von Mering,* Christopher ]. Creevey,’
Berend Snel,” Peer Bork'~t
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Type of character Dollo Number of Number of
overlap graph applicable? | squares in |squares inthe
real data null model
domains 251 55,983
Introns 054 667 368 | 1389 751 510

Przytycka RECOMB 2006
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Zotenko, Guimaraes, Jothi, Przytycka; RECOMB 2005 (Sys. Biol)
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runciionsal Viodules and
runciional Grouops

e Functional Module: Group of genes or their
products in a metabolic or signaling pathway,
which are related by one or more genetic or
cellular interactions and whose members have
more relations among themselves than with
members of other modules (Tornow et al. 2003)

e Functional Group: protein complex (alternatively
a group of pairwise interacting proteins) or a set
of alternative variants of such a complex.

e Functional group Is part of functional module

IWBRA, May2006
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Two levels of interaction
dynamics:

* Interactions depending
on phase in the cell cycle

* Signaling

26



Cnallence

Within a subnetwork (functional module)
assumed to contain molecules involved In a
dynamic process (like signaling pathway),
identify functional groups and partial order
of their formation

IWBRA, May2006 27



Activation of the pathway is initiated by the binding of

AvsrbtvranAlliidlar mlhAvrAarm~aAarn A +A HlhA vAA~AAnEAr

which in turn catalyzes the exchange of GDP for GTP

~An bk A~ mmmamtA D cmnvmntmrin Al la A A A~

G B is freed to activate the downstream MAPK cascade
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e Functional modules are maximal cliques

e Functional modules are formed according
to some partial order

e Each protein enters the process once,
participates Is some consecutive steps and
then leaves

IWBRA, May2006 29






e |s protein interaction network chordal?
e Not really

e Consider smaller subnetworks like
functional modules

e Is such subnetwork chordal?

e Not necessarily but If it is not it is typically
close to it!

e Furthermore, the places where they
violates chordality tend to be of interest.

IWBRA, May2006 31






Exarnple: representing two variants
Of 21 Corroplex

‘/ or
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STES5 ASTE11 A STE7 A(FUS3 v KSS1)
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Original Graph, G Graph modification Modified Graph, G*

1. Add edges between no
with identical set of neig
2. Eliminate squares (4-¢

Is the
modified

(if any) by adding a (restr
set of “fill in” edges con
nodes with similar set of
neighbors

['UO—lU)]

Tree of Complexes Maximal Clique Tree of G* . Compute perfect elimi
order (PEO)

. Use PEO to find maxi
cliques and compute

clique tree
-« (1!2)1(3!4)
\
57,8
[ © Protein = = = Fill-in edge {é} Maximal clique ]
1A2A(5Vv8)
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surnrnary
e Chordal graphs can be used naturally In
modeling biological processes

e Persistency analysis
e Delineating protein complexes and their overlap

analysis
evolutionary molecular
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Protein domains:

In collaboration with Tl A s~
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e Przytycka's lab members:
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Proiein cdornalins

DOMAINS:

Building blocks for large proteins.

Evolutionary units.

Can fold independently and carry some
specific function

IWBRA, May2006
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Dornain level evolution

e Protein architecture is described by the
set of its domains (we ignore the order)

e Operations: insertion and deletions

IWBRA, May2006
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Domains typically correspond to functional

Inferring an ancestral architecture that
contains two domains never observed together

a family of multidomain pro
icter overlap graph is chorde
each domain pair that is Inf
)Ng to same ancestral archite
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cnaracier overlao graon for rnulticdornain

oroieins chorclal?

n* | # families | %PP | %SDP | %CDP Random graphs

Uniform Degree
preserving

34 superfamilies do not safisfy CDP, including TyrKc, Ig, PH, EGF,
CUB, SH3, C1, Myosin_Tall

*nis the number of distinct domains in the superfamily.

IWBRA, May2006 42
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Dornalins involved in large nurnber of
squaras: prorniscuity profile

After removing 4 domains
(2 uncharacterized, ABC-ATPase, and SH2)

Nnn AnmMain \wwac in mnra than 11 enililarac

The ones that still had more than 4 squares included:
PDZ, PH, EGF, IG-like ,SH3

# squares

S———T (AL

5 ’.I 13 1 L1 25 "‘EI 33 3 H 45 49 9 T3 T7 81 &85 &9 ’.IB ’.I 1CI1 1CI 1CI’.I

Domains sorted by the nmber of sgu n w hich a given domain is involed




Overlaps beiwesr Funciional
Groups

~or an llustration functional groups = NOT maximal
cliques

IWBRA, May2006
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(A AB AC)V (DAE)
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Assume that a process satisfies the following
properties:

*Functional modules are formed according to some
partial order

 each protein enters the process once, participates is
some consecutive steps and then leaves

Clique iree represeniation :

Nodes = functional groups
Edges = possible partial order of their formation

- 46



